The development of the pallet rental industry is moving at a rapid pace. However, there is no literature on the performance evaluation of pallet rental companies except our previous study. This paper contributes to extending our previous super-efficiency integer-valued DEA (data envelope analysis) model to a group of integer-valued DEA models with generalized reference sets (G-IDEA). According to the proposed approach, the reference sets for decision-making units (DMUs) are composed of proper efficient sample units instead of efficient DMUs. These sample units, which may or may not be the same as DMUs, can be selected by decision-makers according to their demand. The advantages of the G-IDEA models are as follows: (1) they can be applied to find the projections of pallet rental companies with real-valued and integer-valued variables on the efficient frontier; (2) they are able to help the decision-makers in inefficient pallet rental companies make a step by step efficiency improvement scheme. Particularly, we develop a non-oriented integer-valued DEA model with generalized reference sets (NG-IDEA). The NG-IDEA model can be used to figure out how to improve the performance of inefficient pallet rental companies by simultaneously decreasing inputs and increasing outputs. The proposed models are applied to the performance evaluation of ten pallet rental companies. The results of the case study prove the effectiveness of our models. Furthermore, some valuable suggestions on how to improve the efficiency of inefficient pallet rental companies are presented based on the results. INDEX TERMS DEA, reference set, integer, logistics, pallet.
The proportion of Europe's total pallets occupied by rental pallets is approximately 25%. In China, the number of rental pallets has been increasing rapidly, and it accounts for about 1.4% of total pallets [2] .
By renting pallets users can use quality pallets without the initial investment of buying them. Pallet rental companies are also able to meet seasonal increases in pallet demand. Furthermore, users can benefit from advanced pallet management information systems provided by pallet rental companies.
Since the 1960s, scholars began to study the utilization of rental pallets. Roy et al., Raballand and Carroll, and Ren et al. proved that renting pallets was an excellent way to cut costs for most businesses [3] [4] [5] . Elia and Gnoni proposed a closed-loop pallet pool supply chain [6] . Gnoni & Rollo and Kim & Glock employed RFID (radiofrequency identification) technology to track rental pallets [7] , [8] . The costs of pallet allocation should be seriously controlled [9] [10] [11] . Ren et al. and Zhou et al. researched the optimization methodology for pallet allocation by applying linear and nonlinear programming models [12] , [13] . Bilbao [14] [15] [16] [17] [18] . However, as far as we know, there is no literature on the performance evaluation of pallet rental companies except our previous study. In the previous study, we proposed a super-efficiency integer-valued data envelopment analysis (DEA) model to estimate the performance of pallet rental companies [19] .
In the 1940s, Loscam and Commonwealth Handling Equipment Pool (CHEP) were founded in Australia. Today, they are the two main international competitors in the pallet rental market. In addition to them, a great many other companies have been engaging in the pallet rental business, such as intelligent Global Pooling Systems (iGPS), Nippon Pallet Pool system (NIPPON), Japan Pallet Rental (JPR), Korea Pallet Pool (KPP), and La Palette Rouge (LPR). It is necessary to estimate the performance of pallet rental companies and improve the efficiency of inefficient pallet rental companies [19] . This paper contributes to extending our previous super-efficiency integer-valued DEA model to a group of integer-valued DEA models with generalized reference sets.
Since the first DEA model was proposed in 1978, there has been a wide application of DEA models for the performance evaluation of many kinds of entities including hospitals, universities, manufacturers, and banks [20] [21] [22] . One reason is that DEA can be used to measure efficiency when multiple inputs and multiple outputs need to be taken into account. Furthermore, DEA is a kind of non-parametric method so that decision-makers do not need to estimate parameters in advance. The efficiency scores obtained from DEA models are objective [23] .
The remainder of this paper is organized as follows. In Section 2, we analyze the problem and point out the differences between the proposed models and the traditional models based on literature review. Section 3 develops the integer-valued DEA models with generalized reference sets for the efficiency evaluation of pallet rental companies. In Section 4, the proposed models are applied to measure the performance of ten pallet rental companies. This case study illustrates the effectiveness of the proposed methods. Section 5 presents some conclusions.
II. PROBLEM DESCRIPTION AND LITERATURE REVIEW A. PROBLEM DESCRIPTION
In order to improve logistics efficiency and decrease logistics costs, pallets should be used to move goods throughout a supply chain [11] . As products flow through the supply chain, pallets are transferred from one user to another. By renting pallets pallet users do not need to worry about retrieving these pallets. Hence, pallets can be transferred across a supply chain as many times as needed.
Of course, pallet rental companies should take the initiative of delivering pallets to the first customer who orders them, and retrieving them from the last customer when these pallets are unloaded. Moreover, pallet rental companies should also purchase, maintain, repair, clean, sort, and recycle pallets.
A pallet rental company is a decision-making unit (DMU) with multiple inputs and multiple outputs. It needs pallets, employees, capital, forklifts, warehouses, professional equipment, and so on. Consequently, it hopes to acquire revenue, customer satisfaction, sustainable development, etc. These input and output variables may be real-valued or integervalued. Decision-makers can improve the efficiency of pallet rental companies by increasing outputs, decreasing inputs, or both (increasing outputs and decreasing inputs). Furthermore, the performance of pallet rental companies may be varied. Hence, the decision-makers in those pallet rental companies with low efficiency scores don't always want to compare their companies with efficient companies. They may want to select proper sample units (SUs) as the reference sets (benchmarks) according to their demand [24] , [25] .
Let's employ a simple case of three companies (A, B, and C) to illustrate this issue. The three companies are DMUs and each DMU has one input (x) and one output (y). If we select all the three companies as SUs, the efficiency scores of the three companies are 1, 0.5, and 0.25, respectively. It is obvious that C is hard to achieve the efficiency of A in a short time. Hence, C should first match the efficiency of B. In order to figure out how to match B, decision-makers should select B rather than A as the reference set when they apply a DEA model to calculate the efficiency score of C. As shown in Fig. 1 , the frontier and reference set would change with different SUs as follows:
(1) If A, or all companies, are selected as SUs, the efficiency scores of A, B, and C are 1, 0.5, and 0.25, respectively. The line from O through A is the efficient frontier. A is the reference set for the three companies.
(2) If B, or B and C, are selected as SUs, the efficiency scores of A, B, and C are 2, 1, and 0.5, respectively. The line from O through B is the efficient frontier. B is the reference set for the three companies.
(3) If C is selected as the SU, the efficiency scores of A, B, and C are 4, 2, and 1, respectively. The line from O through C is the efficient frontier. C is the reference set for the three companies.
Therefore, we need a group of integer-valued DEA models with generalized reference sets, i.e., input-oriented, outputoriented, and non-oriented models, to estimate the performance of pallet rental companies. The generalized reference sets mean that decision-makers can select proper SUs as reference sets to estimate the efficiency of DMUs.
B. LITERATURE REVIEW
Scholars have been studying DEA models for more than 40 years.
Charnes, Cooper, and Rhodes developed the first DEA model under the assumption of constant returns to scale (CRS) [24] . Based on this model, Banker, Charnes, and Cooper proposed a DEA model by assuming variable returns to scale (VRS) [25] . The two models are famously known as the CCR model and the BCC model, respectively.
Conventional DEA models assume that all variables should be real-valued [26] . However, Lozano and Villa pointed out that input and output variables can only take integer values in some cases. Therefore, they proposed an integer-valued DEA model that can be used to accurately find the projections of DMUs facing integrality constraints on the efficient frontier [27] .
The efficiency scores of DMUs obtained from conventional DEA models must be equal to 1 or lower than 1. If there is more than one efficient DMU, it is impossible to rank these efficient DMUs because the efficiency scores of all efficient DMUs are equal to 1. Andersen and Petersen presented a super-efficiency DEA model in which the DMU under evaluation was removed from the reference set so that the super-efficiency DEA model can be used to rank efficient DMUs [28] . Super-efficiency measures have been researched in detail and wildly utilized [29] , [30] .
The reference sets for DMUs are composed of efficient DMUs (or efficient DMUs excluding the DMU under evaluation) in conventional (or super-efficiency) DEA models. However, as discussed above, the decision-makers in inefficient DMUs may want to compare the DMUs with some proper SUs that they can match in a short time instead of comparing them with efficient DMUs.
Ma developed a group of DEA models with generalized reference sets which let decision-makers choose proper SUs according to their demand [31] , [32] . In fact, the idea of Ma [31] is similar to that of Cook et al. [33] . Cook et al. proposed a set of variable-benchmark models where the efficient frontier remained the same when new DMUs were measured [33] . In these models, SUs and DMUs are different, and the reference sets for DMUs are composed of efficient SUs instead of efficient DMUs [31] [32] [33] . Hibiki and Sueyoshi [34], Krivonozhko et al. [35] , and Mehdiloozad et al. [36] also researched the effects of the reference set on the results of efficiency evaluation. This kind of DEA model can be called G-DEA (DEA models with generalized reference sets).
However, to the best of our knowledge, there is no literature on integer-valued DEA models with generalized reference sets (G-IDEA). Based on the previous studies and analysis of pallet rental companies, we propose a group of G-IDEA models for the performance evaluation of pallet rental companies. G-IDEA models allow decision-makers to select proper SUs as the reference sets according to their demand, and the SUs may or may not be the same as DMUs. The input and output variables of DMUs and SUs may be real-valued or integer-valued. Therefore, the efficiency improvement schemes obtained from G-IDEA models are more workable than those from traditional DEA models. The differences between the proposed G-IDEA models and the traditional models are shown in Table 1 .
Particularly, we develop a non-oriented integer-valued DEA model with generalized reference sets (NG-IDEA). The NG-IDEA model can be used to figure out how to improve the performance of inefficient pallet rental companies by simultaneously decreasing inputs and increasing outputs.
III. METHODOLOGY
Suppose that a set of homogeneous pallet rental companies, which is denoted by H , can be selected as decision-making units (DMUs) or sample units (SUs).
Let's further suppose that V (V ⊆ H ) is the set of DMUs; DMU k (k ∈ V ) has p inputs x jk (j = 1, 2, . . . ., p) and m outputs y lk (l = 1, 2, . . . , m); U (U ⊆ H ) is the set of SUs; and SU i (i ∈ U ) also has p inputs x ji (j = 1, 2, . . . ., p) and m outputs y li (l = 1, 2, . . . , m).
The relative efficiency score of DMU k (k ∈ V ) is measured as the distance from the DMU k to its projection on the efficient frontier generated by efficient SU i (i ∈ U ).
There are three scenarios as follows:
(1) U = V . It indicates that DMUs are the same as SUs. In this case, DEA models with generalized reference sets are the same as standard DEA models, i.e., CCR and BCC models. Therefore, the standard DEA models are special cases of DEA models with generalized reference sets.
(2) U ∩ V = ∅. There is not a pallet rental company that simultaneously belongs to DMUs and SUs.
There is at least one pallet rental company that simultaneously belongs to DMUs and SUs, and there is at least one pallet rental company that only belongs to DMUs or SUs. If all DMUs (excluding the DMU under evaluation) belong to SUs, the DEA models with generalized reference sets are the same as standard super-efficiency DEA models. Hence, the standard super-efficiency DEA models are special cases of DEA models with generalized reference sets.
Decision-makers should scientifically select SUs because the reference sets for DMUs are composed of efficient SUs. Following Ma [31] and Cook et al. [33] , we propose the following sample unit selection approach.
Step 1: Select all pallet rental companies as SUs. Evaluate the efficiency of all companies to obtain efficient companies. The set of these efficient companies is denoted by H 1 . Decision-makers of DMUs in H 1 go to step 4.
Step 2: Select all inefficient companies, which are distinguished in step 1, as new SUs. Evaluate the efficiency of all inefficient companies to obtain new ''efficient'' companies. The set of these new ''efficient'' companies is denoted by H 2 . Decision-makers of DMUs in H 2 go to step 5.
Step 3: Continue to obtain new ''efficient'' companies until all companies are distinguished as ''efficient'' companies. The last set of ''efficient'' companies is denoted by H s . Therefore, we have H 1 ∪H 2 ∪. . .∪H s = H . Decision-makers of DMUs in H e (e = 3, . . . , s) go to step 5.
Step 4: For the DMUs in H 1 , i.e., efficient DMUs, decisionmakers should select all companies (excluding the DMU under evaluation) as SUs to evaluate the super-efficiency of these efficient DMUs and rank them.
Step 5: For a DMU in H e (e = 2, . . . , s), i.e., inefficient DMU, its decision-makers should first select H e−1 as SUs to calculate the DMU's relative efficiency score and make an efficiency improvement scheme. Then, select H e−2 as SUs to evaluate the DMU and make another efficiency improvement scheme. Continue to select the next set of ''efficient'' companies as SUs, and finally select H 1 . By this method, decisionmakers can obtain a total of e − 1 efficient improvement schemes. Implement the obtained efficiency improvement schemes one by one, and the inefficient DMU would become efficient step by step.
For clarity, we propose DEA models with generalized reference sets (G-DEA) before integer-valued DEA models with generalized reference sets (G-IDEA).
The basic properties of G-DEA models have been well analyzed by Ma and Zhao [31] , [32] , Cook et al. [33] , and Mehdiloozad et al. [36] , so we don't discuss these issues in this paper.
A. DEA MODELS WITH GENERALIZED REFERENCE SETS
Following Ma and Zhao [31] , the input-oriented DEA model with generalized reference sets (IG-DEA) for the performance evaluation of DMU k (k ∈ V ) can be denoted by model (1) .
where λ i represents the weight of SU i ; σ = 0 indicates the assumption of CRS and σ = 1 represents the assumption of VRS.
According to the definition of DEA efficiency, the optimal objective function value (θ k * ) of model (1) is the technical efficiency score (or pure technical efficiency score) of DMU k when σ = 0 (or σ = 1).
Proposition 1:
indicates that input savings exist in DMU k when compared with its projection on the super-efficient frontier.
Proof:
We prove Proposition 1 based on the idea of Cook et al. [33] . (i) and (ii) are obvious results according to the definition of DEA efficiency. (iii) θ * k > 1 indicates that DMU k saves (θ * k − 1)x jk in the jth input. In other words, input savings exist in DMU k when compared with its projection on the superefficient frontier.
Following Ma [31] , the output-oriented DEA model with generalized reference sets (OG-DEA) for the performance evaluation of DMU k (k ∈ V ) can be denoted by model (2) .
The reciprocal optimal objective function value (1/η * k ) of model (2) is the technical efficiency score (or pure technical efficiency score) of DMU k when σ = 0 (or σ = 1).
Similar to Proposition 1, we have Proposition 2. Proposition 2: (i) 1/η * k < 1 indicates that DMU k is inefficient. DMU k has to increase outputs to move onto the efficient frontier generated by efficient SU i (i ∈ U ).
indicates that output surpluses exist in DMU k when compared with its projection on the superefficient frontier. In other words, DMU k produces (1 − η * k )y lk in the lth output more than its projection.
We can then propose the non-oriented DEA model with generalized reference sets for the performance evaluation of DMU k (k ∈ V ). It can be represented by model (3).
The optimal objective function value (ψ * k ) of model (3) is the technical efficiency score (or pure technical efficiency score) of DMU k when σ = 0 (or σ = 1).
Proposition 3:
DMU k has to increase outputs or decrease inputs to move onto the efficient frontier generated by efficient SU i (i ∈ U ).
(ii)ψ * k = 1 indicates that DMU k is efficient. (iii) ψ * k > 1 indicates that output surpluses or input savings exist in DMU k when compared with its projection on the super-efficient frontier.
Proof: α * k > 1 and β * k > 1(or α * k < 1 and β * k < 1) will never exist because of the constraint ( 
≤ 0. This indicates that DMU k cannot simultaneously increase (or decrease) outputs or inputs to reach the efficient frontier. Therefore, there are seven scenarios, namely,
indicates that DMU k should increase outputs and decrease inputs to reach the efficient frontier. 2) β * k = 1 > α * k indicates that DMU k should decrease inputs to reach the efficient frontier.
3) β * k > 1 = α * k indicates that DMU k should increase outputs to reach the efficient frontier. Hence, DMU k is inefficient.
(
It is an obvious result according to the definition of DEA efficiency.
x jk in the jth input and produces (1 − β * k )y lk in the lth output more than its projection. In other words, input savings and output surpluses exist in DMU k when compared with its projection on the super-efficient frontier. 2) α * k = 1 > β * k indicates that DMU k produces (1 − β k * )y lk in the lth output more than its projection. In other words, output surpluses exist in DMU k when compared with its projection on the super-efficient frontier. 3) α * k > 1 = β * k indicates that DMU k saves (α * k −1)x jk in the jth input. In other words, input savings exist in DMU k when compared with its projection on the super-efficient frontier.
The nonlinear-programming model (3) can be easily transformed into model (4) if we let [37] .
We name model (4) as a non-oriented DEA model with generalized reference sets (NG-DEA).
The optimal objective function value (ψ k * ) of model (4) is the technical efficiency score (or pure technical efficiency score) of DMU k when σ = 0 (or σ = 1).
We should further let t k = (-λ − 1)ι and ψ k * = min ι ψ k * (t k ) because model (4) is also a non-linear programming model. -λ indicates the number of iterations, and ι represents a small positive number. Fortunately, the lower bound of t k is 0 and its upper bound can always be found. If SUs and DMUs are the same, t k 's upper bound is 1. Otherwise, its upper bound can be found by using the OG-DEA model. Proposition 3 is valid for model (4) .
B. INTEGER-VALUED DEA MODELS WITH GENERALIZED REFERENCE SETS
Based on G-DEA models, we can propose G-IDEA models. Suppose that J = J NI ∪ J I represents the set of input variables, in which the subset J NI is real-valued whereas J I is integer-valued. J I and J NI are supposed to be disjoint [37] [38] [39] . Therefore, x ji ∈ J NI and x jk ∈ J NI (j = 1, 2, . . . , n) represent real-valued inputs, while x ji ∈ J I and x jk ∈ J I (j = n+1, n+2, . . . , p) indicate integer-valued inputs.
Let's further suppose that L = L NI ∪ L I represents the set of output variables, in which the subset L NI is real-valued whereas L I is integer-valued. L I and L NI are supposed to be disjoint. Hence, y li ∈ L NI and y lk ∈ L NI (l = 1, 2, . . . ., o) represent real-valued outputs, while y li ∈ L I and y lk ∈ L I (l = o + 1, o + 2, . . . ., m) indicate integer-valued outputs.
The input-oriented integer-valued DEA model with generalized reference sets (IG-IDEA) for the performance evaluation of DMU k (k ∈ V ) can be represented by model (5) . In order to figure out how to improve the efficiency of inefficient DMUs, slack variables are added into the model.
where ε indicates a non-Archimedean infinitesimal; s + l , s − j , and s I − j represent slacks of outputs, real-valued inputs, and integer-valued inputs, respectively; andx jk (j = n + 1, n + 2, . . . , p) are targets for integer-valued input variables.
The optimal objective function value ( k * ) of model (5) is the technical efficiency score (or pure technical efficiency score) of DMU k when σ = 0 (or σ = 1).
Although there are seemingly two more constraints ( i∈U x ji λ i + s − j =x jk and θ k x jk − s I − j =x jk ) in model (5) than model (1), we can actually transform them into i∈U x ji λ i + s − j + s I − j = θ k x jk . Therefore, model (5) is only a transformation of model (1) . Note that the transformation is very important in finding the integer-valued targets for integer-valued input variables [27] , [37] .
Similar to Proposition 1, we have Proposition 4.
Proposition 4:
(i) k * < 1 indicates that DMU k is inefficient or weakly efficient. If θ k * < 1, DMU k is inefficient and has to decrease inputs to move onto the efficient frontier generated by efficient SU i (i ∈ U ). If θ k * = 1 and there are nonzero slack variables, DMU k is weakly efficient.
(ii) k * = 1(θ k * = 1, s + l * = 0, s − j * = 0, and s I − j * = 0) indicates that DMU k is efficient.
(iii) k * > 1 (θ k * > 1) indicates that input savings exist in DMU k when compared with its projection on the superefficient frontier.
The output-oriented integer-valued DEA model with generalized reference sets (OG-IDEA) for the performance evaluation of DMU k (k ∈ V ) can be represented by model (6) .
. . , m) are slacks of integervalued outputs andỹ lk (l = o + 1, o + 2 . . . , m) represent targets for integer-valued output variables.
The reciprocal optimal objective function value (1/H k * ) of model (6) is the technical efficiency score (or pure technical efficiency score) of DMU k when σ = 0 (or σ = 1).
Although there are two more constraints ( (6) is only a transformation of model (2). As discussed above, this transformation is very important in finding the integer-valued targets for integer-valued output variables [27] , [37] .
Similar to Proposition 2, we have Proposition 5. Proposition 5:
indicates that DMU k is inefficient. DMU k has to increase outputs to move onto the efficient frontier generated by efficient SU i (i ∈ U ).
(ii) 1/H * k = 1(η * k = 1, s + * l = 0, s I + * l = 0, and s − * j = 0) indicates that DMU k is efficient.
(iii) 1/H * k > 1 and η k * < 1 indicate that output surpluses exist in DMU k when compared with its projection on the super-efficient frontier. If η * k = 1 and there are nonzero slack variables, DMU k is weakly efficient.
The non-oriented integer-valued DEA model with generalized reference sets for the performance evaluation of DMU k (k ∈ V ) can be represented by model (7) .
The optimal objective function value ( * k ) of model (7) is the technical efficiency score (or pure technical efficiency score) of DMU k when σ = 0 (or σ = 1).
We have Proposition 6 based on Proposition3, Proposition 4, and Proposition 5:
Proposition 6: (i) * k < 1 indicates that DMU k is inefficient or weakly efficient. If α * k /β * k < 1, DMU k is inefficient and has to increase outputs or decrease inputs to move onto the efficient frontier generated by efficient SU i (i ∈ U ). If α * k /β * k = 1 and there are nonzero slack variables, DMU k is weakly efficient.
indicates that output surpluses or inputs savings exist in DMU k when compared with its projection on the super-efficient frontier.
Model (7) can be easily transformed into model (8) if we let γ k = α k /β k , i = λ i /β k ,t k = 1/β k [37] .
We name model (8) as a non-oriented integer-valued DEA model with generalized reference sets (NG-IDEA).
The optimal objective function value ( * k ) of model (8) is the technical efficiency score (or pure technical efficiency score) of DMU k when σ = 0 (or σ = 1).
We should further let t k = (-λ − 1)ι and * k = min ι * k (t k ) because model (8) is also a non-linear programming model. -λ indicates the number of iterations, and ι represents a small positive number. As discussed above, the lower bound of t k is 0 and its upper bound can always be found. If SUs and DMUs are the same, t k 's upper bound is 1. Otherwise, its upper bound can be found by using the OG-IDEA model. Proposition 6 is valid for model (8) .
IV. CASE STUDY
The proposed models are applied to estimate the efficiency of ten pallet rental companies in 2018. These companies are Loscam, CHEP, LPR, Pooling Partner, JPR, Contraloadad, NIPPON, iGPS, PECO Pallet, and KPP (The full names of these companies are shown in Section 1). To illustrate the validity of our models we compare the results with those from traditional DEA models. The number of employees and the number of pallets are selected as input variables because employees and pallets are the two most critical resources to pallet rental companies according to our research. The annual revenue is defined as a single output variable because revenue is a vital indicator of a company's ability to avoid bankruptcy. The two input variables are integer-valued whilst the output variable is real-valued.
The information of these companies is shown in Table 2 . We collect these data from official websites of the ten pallet rental companies and other relevant websites [19] .
A. EFFICIENCY EVALUATION WHEN SAMPLE UNITS AND DECISION-MAKING UNITS ARE THE SAME
In this subsection, we apply the proposed models to estimate the efficiency of the ten pallet rental companies when sample units (SUs) and decision-making units (DMUs) are the same. Both SUs and DMUs are composed of the ten companies.
As mentioned above, the upper bounds of t k in both NG-DEA model (model 4) and NG-IDEA model (model 8) are 1 when SUs and DMUs are the same. Therefore, we set ι = 0.0001 and let the value of -λ range from 1 to 10001. Only by this mean can we guarantee that the value of t k ranges from 0 to 1.
Let's set σ = 0, which implies that the technology of pallet rental companies is assumed CRS and the efficiency scores obtained from our models are technical efficiency scores. Table 3 shows the technical efficiency scores of these companies.
We also apply standard CCR models to calculate the efficiency scores of these companies by using DEAP 2.1. The results show that the IG-DEA model (model 1) is the same as the standard input-oriented CCR model and there is no difference between the OG-DEA model (model 2) and the standard output-oriented CCR model.
As shown in Table 3 , the efficiency scores of the ten pallet rental companies stay the same no matter which model is ultimately adopted. DMU 10 performs the best, while the technical efficiency score of DMU 9 is the lowest.
We then set σ = 1, which means that the technology of pallet rental companies is assumed VRS and the efficiency scores obtained from our models are pure technical efficiency scores. Table 4 shows the pure technical efficiency scores of these companies. We also apply standard BCC models to calculate the efficiency scores of these companies by using DEAP 2.1. The results show that the IG-DEA model (model 1) is the same as the standard input-oriented BCC model and so is the OG-DEA model (model 2) to the standard output-oriented BCC model.
As shown in Table 4 , the pure technical efficiency scores of the ten pallet rental companies obtained from integervalued DEA models (model 5, model 6, and model 8) are not greater than those from real-valued DEA models (model 1, model 2, and model 4). The pure technical efficiency scores of the ten pallet rental companies obtained from non-oriented DEA models (model 4 and model 8) are not greater than those from input-oriented (model 1 and model 5) or outputoriented (model 2 and model 6) DEA models. DMU 2, DMU7, and DMU 10 are regarded as efficient DMUs by all models. Although the pure technical efficiency scores of DMU 6 obtained from the IG-DEA model (model 1) and the IG-IDEA model (model 5) are both equal to 1, DMU 6 is only weakly efficient. The reason is that the values of slack variables of Input 1 for DMU 6 obtained from model (1) and model (5) are both equal to 29 (not equal to 0). From the view of input-orientation (model 1 and model 5), DMU 3 gets the lowest pure technical efficiency score. From the perspective VOLUME 8, 2020 of output-orientation (model 2 and model 6), DMU 9 gets the lowest pure technical efficiency score. From the view of nonorientation (model 4 and model 8), DMU 9 gets the lowest pure technical efficiency score. Therefore, DMU 9 should be suggested as the least efficient DMU.
The targets for the ten pallet rental companies obtained from the proposed models under the assumption of VRS are shown in Table 5 and Table 6 . We don't show the targets for these companies obtained from the proposed models under the assumption of CRS because there is no difference among model (1), model (2) , and model (4) (or model 5, model 6, and model 8). There are indeed differences between realvalued DEA models and integer-valued DEA models, but these differences can also be illustrated by VRS models.
As can be seen from the two tables, integer-valued DEA models (model 5, model 6, and model 8) are clearly better than real-valued DEA models (model 1, model 2, and model 4) because integer-valued DEA models can assign integer-valued targets to integer-valued variables. Pallet rental companies can directly implement the integer-valued efficiency improvement schemes, but it's not easy for them to implement the real-valued schemes.
Non-oriented models (model 4 and model 8) should be better than input-oriented (model 1 and model 5) and outputoriented (model 2 and model 6) models because the targets obtained from non-oriented models should be more easily achieved. For example, as shown in Table 6 , DMU 1 should increase the output from 85.34 million dollars to 338.53 million dollars according to the OG-IDEA model (model 6), or DMU 1 can decrease the number of employees from 239 to 102 and the number of pallets from 10000000 to 4267783 according to the IG-IDEA model (model 5). However, according to the NG-IDEA model (model 8), DMU 1 can become efficient by increasing the output from 85.34 million dollars to 313.8 million dollars and decreasing the number of employees from 239 to 109 and the number of pallets from 10000000 to 7000000.
Based on our analysis, non-oriented models should be better than input-oriented and output-oriented models in most cases. Despite this, pallet rental companies should decide how to improve their performance (decreasing inputs, increasing outputs, or both) depending on the actual situation.
B. EFFICIENCY EVALUATION WITH DIFFERENT SAMPLE UNITS
In this subsection, we suppose that decision-makers in pallet rental companies can select proper SUs according to their demand.
For the NG-IDEA model (model 8), we set ι = 0.0001 and let the value of -λ range from 1 to 10000001, which implies that the value of t k ranges from 0 to 1000. According to our analysis, the value of β k = 1 t k is not lower than 0.001 (The minimum efficiency score obtained from the OG-IDEA model is 0.06).
To illustrate the validity of our models, we apply the proposed approach in Section 3 to select proper SUs for DMUs. We get three groups of ''efficient'' companies as follows:H 1 = {Company2, Company7, Company10}; H 2 = {Company3, Company 4, Company5, Company6}; H 3 = {Company1, Company8, Company9}. Therefore, the ten companies are divided into three groups as shown in Table 7 .
These groups have been selected as SUs one by one to calculate the relative efficiency scores of the ten companies. Table 8 shows the results obtained from the NG-IDEA model (model 8) under the assumption of VRS. It is noteworthy that the greatest value of t k * is 47.437, so the upper bound of t k that we set is satisfactory for this case.
The efficiency scores of the ten companies when Group 1 is selected as SUs are the same as those when all companies are selected as SUs (as shown in Table 4 , M8). The reason is that the efficient frontier generated by Group 1 is the same as that generated by all companies. When Group 2 is selected as SUs, the companies in Group 1 and Group 2 are regarded as efficient DMUs. Note that the efficiency scores of companies in Group 1 are greater than 1 because they are efficient DMUs even when Group 1 is selected as SUs. When Group 3 is selected as SUs, all companies are regarded as efficient DMUs. The efficiency scores of companies in Group 1 and Group 2 are greater than 1.
It might be easy for the pallet rental companies in Group 2 to match the efficiency of the companies in Group 1. However, the pallet rental companies in Group 3 should take two steps to become efficient as follows: Stage 1: They should match the efficiency of the companies in Group 2. Stage 2: They can catch up with the companies in Group 1.
The targets for the companies in Group 2 and Group 3 at the two stages are shown in Table 9 . At stage 1, Group 2 is the reference set for Group 3, while Group 1 is the reference set for Group 2. At stage 2, Group 1 is the reference set for Group 3.
Three companies (DMU 2, DMU 7, and DMU 10) are regarded as efficient DMUs when the companies in Group 1, or all companies, are chosen as SUs. However, we can rank them when they are not in the reference set. According to the results obtained from the NG-IDEA model (model 8) when Group 2 or Group 3 is picked as SUs, the ranking of the three companies from highest to lowest is DMU 2, DMU 10, and DMU 7. Therefore, DMU 2 should be regarded as the most efficient pallet rental company under the assumption of VRS.
When we select all DMUs (excluding the DMU under evaluation) as SUs, the NG-IDEA model (model 8) is actually the same as a standard non-oriented super-efficiency integervalued DEA model. The results are shown in Table 10 .
This proves that the standard non-oriented super-efficiency integer-valued DEA model is a special case of the NG-IDEA model.
The validity of the other proposed models, i.e., IG-DEA, OG-DEA, NG-DEA, IG-IDEA, and OG-IDEA, can also be easily proved by applying our approach. We don't show the results for avoiding repetition.
C. DISCUSSION
DEA is an excellent technique for efficiency evaluation of DMUs [40] [41] [42] . The empirical results show that (1) under the assumption of CRS, DMU 10 performs the best, while the technical efficiency score of DMU 9 is the lowest; (2) under the assumption of VRS, DMU 2 should be suggested as the most efficient pallet rental company, while the pure technical efficiency score of DMU 9 is the lowest. Note that DMU 2 gets the highest pure technical efficiency score when SUs are different from DMUs, although DMU 2, DMU 7, and DMU 10 are regarded as efficient DMUs when SUs and DMUs are the same.
Furthermore, according to the results, the efficiency gap among pallet rental companies is huge. Therefore, it is difficult for companies with low efficiency scores to match the efficiency of efficient companies in a short time. We suggest that companies with low efficiency scores should become efficient step by step. The decision-makers in inefficient pallet rental companies should select proper sample units depending on the actual situation and apply our proposed models to make a step by step efficiency improvement scheme.
It is noteworthy that (1) 
V. CONCLUSION
It is difficult for DMUs with low efficiency to match the efficiency of efficient DMUs in a short time so that their decisionmakers should make a step by step efficiency improvement scheme. To support their decision-making processes, we propose a group of G-IDEA models (integer-valued DEA models with generalized reference sets). The proposed models can be utilized under the assumption of CRS or VRS. Therefore, these models can be easily applied to calculate the technical efficiency scores, pure technical efficiency scores, and scale efficiency scores of DMUs. The scale efficiency is the ratio of technical efficiency to pure technical efficiency.
The relative efficiency score of a DMU is measured as the distance from the DMU to its projection on the efficient frontier generated by efficient sample units. Therefore, decision-makers should scientifically select proper sample units according to their demand. Our proposed sample unit selection approach would be helpful for them.
The proposed G-IDEA models are applied to evaluate the performance of ten pallet rental companies, and the results of the case study prove the effectiveness of our models. The traditional DEA models, i.e., the CCR model, the BCC model, and the standard super-efficiency DEA model, are special cases of our proposed models.
The contributions of this work are as follows. (1) To the best of our knowledge, this is the first study to develop integer-valued DEA models with generalized reference sets. These models can be applied to find the projections of DMUs with real-valued and integer-valued variables on the efficient frontier, and they are able to help the decision-makers in inefficient DMUs make a step by step efficiency improvement scheme. (2) Especially, we propose a non-oriented integer-valued DEA model with generalized reference sets. The model can be used to figure out how to improve the performance of inefficient DMUs by simultaneously decreasing inputs and increasing outputs. (3) We give pallet rental companies some valuable advice in order to improve their performance.
There is very little quantitative research on the pallet rental industry, despite the fact that the pallet rental industry is a significant and growing part of the global economy. We have collected data online to support this research. In the future, we will evaluate the efficiency of pallet rental companies in greater detail. BO 
